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Abstract

We model a three-pillar pension system and analyse in this context the impact of the

financial crisis on the aggregate economy, using an overlapping generations model where

individuals live for two periods. The system consists of (1) a PAYG pension system, (2) a

Defined Benefit pension fund, and (3) private savings. We show that in this pension system

the impact of the financial crisis on the economy is mitigated in case the funded pension funds

have invested in more risk averse assets and savings are invested in more risky assets. In order

to illustrate the working of the model with respect to the impact of the financial crisis, both in

terms of size and development over time, we provide simulation results for the Netherlands.

We argue that the lesson from the financial crisis is that pension funds should always invest in

relatively risk-free assets, while private savings can be invested in more risky assets.

1 Corresponding author: Tel: 0031 643029504; Email address: C.Du@maastrichtuniversity.nl



2

1.   Introduction

The Dutch pension system is quite renowned for its well-developed three-pillar structure. The

advantage in a macroeconomic context is that it hedges against different macroeconomic risks

(Du, Muysken and Sleijpen, 2010). The first pillar (state) pensions, financed on a pay-as-you-

go basis, help in providing basic old-age benefits and are not very vulnerable to inflation. The

second and third pillars, financed by collective and individual savings, respectively,

supposedly provide a better hedge against an ageing society, but are susceptible to

inflationary and asset price developments.

Since the 1990s,  pension funds, which traditionally invested in secure assets only, like

government bonds, increasingly expanded their portfolio towards more risky assets, among

other things triggered by the increase in stock prices in this period. However, the dot-com

crisis in 2001 and in particular the recent financial crisis revealed the danger of this strategy

for  the  viability  of  funded  pension  funds  and  raised  the  question  to  what  extent  the  system

provides enough guarantees against risks.

In Du, Muysken and Sleijpen (2010) we develop a simple overlapping generations

model which analyses how in case of defined benefits the three pillars relate to different

exogenous (economic) shocks when second pillar pension funds invest in risky assets (equity)

and individuals (third pillar) invest in secure assets (bonds).2 When simulating the model, it

appears that a stock market crisis leads to strong increases in contribution rates to the pension

fund and negatively affects economic growth.

In this paper we compare the three-pillar pension system under two different designs.

One is a system where the pension fund (second pillar) invests in equity and households (third

pillar) invest in bonds. The other is a system where the pension fund and households invest in

bonds and equity, respectively. The aim of our paper is to demonstrate the effect of a different

investment strategy of pension funds and households when facing a stock market shock.

We show that in case of a fall in equity returns, consumption of both young and old

generations is higher when pensions are invested in risk-free assets and private savings are

invested in risky assets, when compared to a situation in which the opposite investment

strategy is followed. Savings are higher too. An interesting observation is that in the case of

an increase in equity returns the opposite effect does not hold: in particular consumption of

2 A somewhat similar model is presented in Beetsma and Bovenberg (2008), albeit in a closed economy context.
They only analyse a two-period model and their analysis finishes with the second young generation. As a
consequence the second young generation bears very high costs in a defined benefit system, which biases their
analysis against that system. Moreover, their model does not allow for continuous time simulations.
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the young is lower during a stock market boom, when pensions are invested in risk-free assets

and private savings are invested in risky assets. As a consequence we argue that pension funds

should always invest in relatively risk-free assets, while private savings then can be invested

in more risky assets.

Our focus is quite different compared to the previous literature on investment

strategies of pension funds. Gollier (2007) sets operational rules for a pension fund to

optimize both the sharing of risk across generations and the dynamic portfolio management of

this fund and estimates the welfare gain of intergenerational risk sharing. The focus is on the

intergenerational risk sharing of the pension fund. Maurer, Mitchell and Rogalla (2009)

analyze the risks and rewards of moving from an unfunded defined benefit pension system to

a funded plan for German civil servants, allowing for alternative strategic contribution and

investment patterns. Their results show that moving towards a funded public pension system

can be beneficial for both civil servants and taxpayers. Thus the focus is on the gain of the

transfer from an unfunded pension system to a funded one. Matsen and Thogersen (2004)

study  the  optimal  size  of  the  pay-as-you-go  system  as  well  as  the  optimal  split  between

funded and unfunded pension savings by means of a theoretical portfolio choice framework.

Duttaa, Kapurb and Orszag (2000) analyze the optimal pension funding choice in a mean-

variance portfolio choice framework. The optimum funding solution then is to hedge by

holding a diversified set of liabilities, both funded and unfunded. They also look at what

portfolio of bonds and equities should be held in a funded system. Miles (2000) uses

stochastic simulations of calibrated models to assess the optimal degree of reliance on funded

pensions and on a particular type of unfunded (PAYG) pension.  He estimates how the

optimal level of unfunded state pensions depends on the rate of return and income risks and

also upon the actuarial fairness of annuity contracts. Knell (2010) studies the optimal portfolio

mix between funded and unfunded pension systems when people care about relative

consumption. Burtless (2010) points out that the recent financial crisis and the historical

record present important lessons on the design of national pension systems. First, wide

fluctuations in asset returns make it hard for well-informed savers to select a savings rate or a

sensible investment strategy for defined-contribution (DC) pensions. Second, it is hard for

ordinary workers, as opposed to financial professionals, to make sensible choices about

portfolio allocation. All  these  papers  focus  on  the  design  of  the  funded  pension  system,  but

ignore the impact of financial calamities on the distributional effects between generations in

relation to the risk-taking nature of funded pensions. That is the focus of our paper.
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The paper is organised as follows. In Section 2 our model of an open economy,

consisting of two overlapping generations with a three-pillar pension system and defined

benefits,  is  presented. Section 3 presents the steady state solution of the model and analyses

the impact of different exogenous shocks. In particular, the impact of a shock in returns on

financial assets (bonds and equity) is considered. We also show the impact of changes in the

variance of the equity return. Section 4 presents a calibration of the model, based on data for

the Netherlands. Moreover, the impact of stock market shocks is simulated, focusing on a

decrease in stock prices comparable to that of the 2008 financial crisis, as well as the impact

of  a  boom  in  the  stock  market.  We  show  that  a  recession  and  a  boom  have  an  asymmetric

impact on consumption between both generations. Section 5 concludes.

2.   The model

The model consists of firms, consumers in two overlapping generations, a public sector and a

pension fund. Firms operate under full competition and maximise profits. The inputs are

labour and capital. The return on capital is exogenously given, assuming a small open

economy. The wage costs are the sum of the wage received by the workers and the pension

contribution paid by the firm.

Consumers live two periods. In the first period, individuals supply labour and earn a

wage income at an exogenous participation rate. In the second period, only part of the

individuals survive. The survivors are retired and receive pensions from the public sector

(first pillar) and the pension fund (second pillar). Consumers aim to maximise their lifetime

utility by choosing savings in the first period (third pillar). They invest their savings in

equities and bonds.

The public sector taxes the workers in order to pay public pensions to all retired

individuals  proportional  to  the  current  wage  rate.  The  public  pension  scheme is  of  a  PAYG

(pay-as-you-go)type. The pension fund receives contributions from the firms and the workers,

and pays pensions to the retired workers proportional to the previous wage rate.

The pension fund invests wealth in equities and bonds. The workers are obliged to

participate in the fund. Since we assume defined benefits, 3  the pension benefits are not

directly related to asset market rates of return; shocks to the pension wealth are absorbed by

the contribution rate (except under extreme situations).

3 DNB (2010) published results from their household survey which show that a large majority of workers in the
Netherlands is willing to pay “considerably higher pension premiums” in order to maintain defined beneifits.



5

2.1 Firms

Firms use labour tL and capital tK  to produce output tY , according to a Cobb-Douglas

production function:

αα −= 1
tttt LKAY (1)

Here tA measures the productivity level, which grows at a rate g .

Firm behaviour is based on profit maximisation. This yields:

αααβτ −−=+= ttt
p

tt
c
t LKAww )1()1(  (2)

ααα −−= 11
ttt

k
t LKAr  (3)

Real wage cost c
tw  consist of the real wage tw , received by the workers, and the share β

)10( ≤≤ β of the real pension contribution p
tτ ,  which is paid by the employer.  We assume a

small  open  economy,  which  implies  that  the  real  rate  of  capital  return  is  determined  on  the

world market – hence k
tr  is given. Finally employment tL is equal to the exogenous

participation of the young individuals, tpN  – we elaborate the latter below.

Equations (2) and (3) can be combined to yield an expression of the capital stock and the

wage rate in terms of exogenous variables:

tk
t

tt pN
r

AK αα −= 1
1

)( (4)

p
t

k
t

tt r
Aw

βτ
αα α

α

α
+

−= −−
1

1)()1( 11
1

(5)

2.2 Consumers

We assume an overlapping generation model with two generations: young and old. There are

tN young  individuals,  who  participate  in  the  labour  market  at  a  rate p ( 10 ≤< p ). The
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growth rate of tN is n . All participating young individuals earn a real wage income tw , from

which they contribute to the public sector benefits and the pension fund at rates
g
tτ and p

tτβ )1( − , respectively. Net income then is spent on consumption and savings. The

savings are invested in bonds and equities.

Only a fraction ε  of young individuals survives to the next period. During that period

the individuals are old and at the end of that period they die. An increase in the fraction ε

can be used to mimic the process of ageing. When old, the individuals do not work, but

receive a public pension g
tη and a pension p

tη  from the pension fund.4 Moreover, they use the

returns on their savings, as well as the savings themselves, to finance consumption in

retirement.  The  individuals  therefore  face  the  following  real  budget  constraints  in  their  two

periods of life:

ttt
p

t
g
t

y
t swpc −−−−= ])1(1[ τβτ (6)

p
t

g
tt

cons
to

t src 11
1

1
1

++
+

+ ++
+

= ηη
ε

(7)

Here )( 1
o
t

y
t cc + is  the  consumption  of  the  young  (old)  and ts is savings. The savings earn an

expected real return cons
tr , with

)1(
)1)(1(1

t

e
t

xc
tcons

t
rr

π
π

+
++

=+ . Here e
t

consb
t

consxc
t rrr )1( λλ −+= .

consλ  is the proportion of the savings invested in bonds. )1( consλ− is the proportion of the

savings invested in equities. e
tπ is the expected inflation rate and tπ is the actual inflation rate.

Because only a fraction ε  of individuals survives to the next period, the assets of those who

decease fall to surviving contemporaries. The total real return on savings then is 11
−

+
ε

cons
tr .

The pension from the pension fund is a fraction pξ of the past wage. It should also be

corrected for the participation rate in the young period, to allow for consumption by all old

consumers (including those who did not fully participate when young). Moreover, the pension

fund fully compensates the effect of inflation on the pension.  Thus we find:

t
pp

t pwξη =+1 (8)

4 Actually, only those who have worked when young receive a pension, but in our aggregate analysis we take
that into account by including the participation rate in equation (8).
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The public pension is a fraction gξ of the current wage (in order to relate it to the wage in the

previous period we use the fact that the real wage grows with productivity growth g ), hence:

)1(11 gww t
g

t
gg

t +== ++ ξξη (9)

Given the budget constraints (6) and (7), the individuals maximise their expected lifetime

utility represented by

θ
γε

θ

θθ

−
+

−
=

−
+

−

1
)(

1
)( 1

1
1 o

t
y
t

t
ccEU  (10)

where γ  measures the rate of time preference of the individual and 0/1 >θ is the elasticity of

intertemporal substitution. Maximising equation (10) subject to the budget constraints results

in the following first-order condition

=+
y
t

o
t

c
c 1 θγ

1

1 )]1([ cons
tr ++ (11)

Combing equations (6) and (7) with equation (11) gives the following individual consumption

and saving functions:

y
tc tt wΛ= (12)

=+
o
tc 1 tt
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t wr Λ+ +

θγ
1

1 ))1(( (13)

ts tt
p

t
g
t wp }])1(1{[ Λ−−−−= τβτ (14)
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1
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g
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t

t
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+

+++

+++−−−+
=Λ

θγε

ξξετβτ  and  the  wage  rate  is  given  by

equation (5).

2.3 The public sector
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The public sector receives taxes from the workers for paying the pension benefits g
t 1+η  to the

retirees according to equation (9).  The pension scheme is of a PAYG nature. Hence, the real

budget constraint of the public sector is given by:

111 )1( +++ += t
g
t

g
t pwnτεη (15)

Substituting equation (9) then yields:

pn

g
g
t )1(1 +

=+
εξτ (16)

This shows that the contribution rate of the PAYG system decreases with increases in

population growth and the participation rate, whereas it increases with ageing and a higher

benefit.

2.4 The pension fund

The pension fund has real financial wealth p
tW  at the start of a period, it receives

contributions t
p

t pwτ  from firms and workers and pays pension benefits p
tη to retirees

according to equation (8). The fund invests all its wealth in bonds and equities which yield an

expected real return pf
tr , with

t

e
t

xp
tpf

t
rr

π
π

+
++

=+
1

)1)(1(1 , depending on the investment strategy

of the pension fund. e
t

pfb
t

pfxp
t rrr )1( λλ −+= . pfλ  is the proportion of the wealth invested in

bonds. )1( pfλ− is the proportion of the wealth invested in equities. Thus the pension fund real

wealth accumulates according to:

))(1( 111
p

tttt
p

t
p

t
pf

t
p

t NpwNWrW ηετ −++ −++= (17)

The pension fund wants to equals its wealth to its liability – the latter equals p
ttN ηε 1−  in the

steady state. The pension fund will adjust its contribution rate when the accumulated wealth

does not meet its target value, such that the wealth accumulation is back to its target value in

ϕ/1 years. Hence:
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)( 111
p

tt
p

t
p

tt
p

t NWNW ηεϕηε −++ −−= (18)

In the steady state, where the pension fund meets its liabilities, we have

p
tt

p
t NW ηε 1−=                                                                                                              (19)

Assuming that in that situation expected inflation also equals actual inflation we find for the

pension fund contribution rate p
tτ from equations (8), (17) and (19):

xp
t

p
p

t r+
=

1
εξ

τ     (20)

Equation (20) shows that in the steady state the contribution rate decreases with higher returns

on assets and increases with ageing and a higher benefit.

In a situation where the pension fund does not meet its liabilities, we find combining

equations (17) and (18):

ttt
pf

t

p
tt

p
t

pf
t

p
ttp

t wpNr
NWrN

)1(
))(1( 11

+
−++−

= −+ ηεϕηε
τ       (21)

This converges to the steady state contribution rate (20) when the pension fund meets its

liabilities and expected inflation also equals actual inflation.
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2.5  The complete model

The  complete  model  is  given  by  equations  (5),  (12)  –  (14),  (16)  and  in  the  steady  state

equation (20). Assuming the steady state, we also have xc
t

cons
t rr = . When we assume all rates

of return, as well as the participation rate, to be constant over time, the model can be solved in

a  straightforward  way.  We elaborate  this  in  the  steady  state  solution  in  Section  3.  This  also

allows us to analyse the impact of shocks to the economy in a comparative static context. To

consider the properties of the model during the transition period in response to shocks we

have to resort to simulations, since the dynamics of the model then become intractable

analytically. The simulation results are presented in Section 4.

3.   The steady state

In Section 3.1 we solve the model for the steady state. In the steady state, actual inflation

equals expected inflation and the financial wealth of the pension fund is equal to its liabilities

in every period. In Section 3.2 we investigate the comparative statics properties of the model

by analysing the impact of exogenous shocks on the steady state solution. We focus in

particular on the effect of the financial crisis in Section 3.3 under different scenarios for the

diversification of risks between pension funds and private savings. Finally we look at the

effect of the variance of equity return in Section 3.4.

3.1  The steady state solution

From the presentation of the model in the previous section it follows directly that the steady

state is characterised by the following equations:5

yc = wΛ (22)

=oc θγ
1

)]1([ xcr+ wΛ (23)

s wppg }])1(1{[ Λ−−−−= τβτ (24)

5 We omit the time subscript of each variable, since it is not relevant in the steady-state.
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Where
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1
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gppgxc
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1)()1( 11

1

(26)

pn

g
g

)1( +
=

εξ
τ (27)

xp

p
p

r+
=

1
εξτ

(28)

When second pillar invests in equities ( 0=pfλ ) and third pillar invests in bonds( 1=consλ ),
exp rr = , bxc rr = . When second pillar invests in bonds and third pillar invests in

equities, exc rr = , bxp rr = .The variables on the left-hand side of equations (22) – (28) are the

endogenous variables and the other variables keb rrr ,, and p are exogenous.

From equations (27) and (28) one sees that the “return” on the PAYG contributions is

given by (29a),6 while in a normal situation the “return” on the pension contributions is given

by equation (29b). Finally we know from the discussion on consumer behaviour that the

return on savings is given by (29c):

1)1)(1(1)1(
−

++
=−

+
ετ

ξ pgn
w

gw
g

g

(29a)

111 −
+

=−
ετ

ξ xp

p

p r
(29b)

11
−

+
ε

xcr (29c)

The return on pension funds therefore is larger than that on public pensions as long as

pgnr xp )1)(1(1 ++>+ , and it exceeds that on private savings as long as xcxp rr > . By having

a  pension  system  which  consists  of  three  pillars,  the  pension  is  essentially  spread  over  a

portfolio with different rates of return, as equation (29) illustrates. One hedges against

inflation and asset price risk by using a PAYG system; one hedges against demographic risk

6 Individuals pay wgτ in the young period and receive )1( gwg +ξ in the old period. Therefore, the return on
the PAYG contributions is given by equation (29a).
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by using a pension fund, and one allows for individual risk preferences by using private

savings next to a pension fund.

3.2   The impact of exogenous shocks on the steady state

The impact of shocks to pension benefits, returns of bonds and equity, the inflation rate, the

participation rate, the survival rate and population growth on the endogenous variables of the

model is summarised in Table 1.7 These results are elaborated and discussed in relation to the

literature in Du, Muysken and Sleijpen (2010).

In Table 1 one also sees that the sufficient conditions for the negative response of the

consumptions to the PAYG benefits and the pension fund benefits depend on the investment

strategy of the pension system. The negative response of consumption of both the young and

the old to the PAYG benefits depends on )1( xcr+ > )1)(1( ng ++ . The reason is that the

lifetime  income,  out  of  which  consumption  in  both  periods  is  financed,  decreases  when  the

return on savings )1( xcr+ is higher than the return on the public pension contribution

)1)(1( ng ++ – compare equations (29a) and (29c).8 Moreover the return on savings depends

on the savings invested in bonds or equities.

The negative response of consumption of both generations to the pension fund benefits

depends on )1(
1

1 xc
xp

rr
+<

−
+

β
. The reason is that the lifetime income, out of which

consumption in both periods is financed, decreases when the return on savings )1( xcr+ is

higher than the return on the pension contribution )1(
1
1 xc

xp

rr
+<

−
+

β
– compare equations (29b)

and (29c).9  Again the return on savings and the return on pension contribution depend on the

investment strategy.

7In Du, Muysken and Sleijpen (2010; Appendix, section 1) the derivations and resulting conditions underlying
Table 1 are presented.
8 Because the participation rate is p , the return on the public pension contribution should be divided by p .
9 Individuals only pay part of the pension premium so the return on the pension premium should be divided
by )1( β− .



13

Table 1 The impact of exogenous shocks on the economy

Contribution rates Consumption Savings

PAYG Pension Young Old

gτ pτ yc oc s

PAYG benefits gξ + 0 -* -* -

Pension benefits pξ 0 + -** -** -

Employer contrib. β 0 0 ? ? ?

Inflation eππ = 0 0 0 0 0
eππ ≠ 0 + ? - -

Risk-

free

pension

fund

and

risky

private

savings

Bonds

returns

bxp rr =

( 1=pfλ )

0 - + + +

Equity

returns

exc rr =

( 0=consλ )

0 0 -*** +*** +***

Risk-

free

private

savings

and

risky

pension

fund

Bonds

returns

bxc rr =

( 1=consλ )

0 0 -*** +*** +***

Equity

returns

exp rr =

( 0=pfλ )

0 - + + +

Productivity g 0 0 + + +

Participation rate p - 0 + + +

Population growth n - 0 + + +

Survival rate ε + + - - -

* A sufficient condition is )1( xcr+ > )1)(1( ng ++

** A sufficient condition is )1(
1

1 xc
xp

rr +<
−

+
β
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***  A sufficient condition is 11
>

θ

3.3    Asymmetric effects of the diversification of risks between pension funds and private

savings

From Table 1 one can see that in our model the effects of changes in bond and equity returns

on the economy are different depending on the investment strategy of pension funds and

individuals.

When the pension fund only invests in bonds ( bxp rr = ) and the savings are invested

only in equities ( exc rr = ), an increase in bonds return decreases the pension contribution.

Consumption and savings increase, because lifetime wealth increases as a result of the

decreased pension contribution. A change in equity return does not affect the pension

contribution. Given the sufficiency condition that 11
>

θ
, an increase in equity return

affects consumption in the young period negatively, and affects consumption in the old period

and the savings positively. On the other hand, when savings are invested only in bonds

( bxc rr = ) and the pension fund invests only in equities ( exp rr = ), the effects of  bond returns

are the same as the effects of  an increase in equity returns, as discussed above, when savings

are  invested  only  in  equities.  The  effects  of  equity  returns  are  the  same as  the  effects  of  an

increase in the return on bonds, as we discussed above, when the pension fund invests only in

bonds.

In  reality,  equity  returns  are  more  risky  than  bond  returns.  In  Table  2  we  show  the

asymmetric  impact  of  a  boom and a  bust  in  the  stock  market  on  consumption  of  young and

old.  According  to  Table  2,  with  a  second  pillar  investing  in  equities  only  and  a  third  pillar

investing in bonds, the response of the consumption of young and old to a boom and a bust in

the  stock  market  is  the  same.  But  in  case  of  a  reverse  investment  strategy  the  response  of

young and old to the boom and bust in the stock market is opposite. The intuition behind the

results is, that when the second pillar is “risky” and the third pillar is “risk-free”, the bust in

the stock market increases the pension contribution according to equation (20). The increase

in  the  pension  contribution  decreases  both  consumptions  of  young  and  old  according  to

equations (22) and (23). When the third pillar is risky and the second pillar is risk-free, the

recession in the stock market increases the consumption of young according to equation (22).,

as consumers want to consume more when they are young and the return on savings is lower.
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Hence according to equation (23), the consumption of old decreases when the return on

savings is lower.

Table 2

3.4  The impact of the variance of the equity return

In the analysis of the steady state, we assume the equity return to be known. An interesting

question  arises  when  equity  returns  are  risky,  as  they  obviously  are  in  reality,  with  an

expected variance of 2σ .  The variance of equity return affects the economy as we elaborate

below for different investment strategies of the pension system.

When the pension fund invests in equity, )( 1
p

tt
p

t NW ηε −− depends on the actual equity

return and p
tτ  is stochastic. As a consequence one can derive from equation (21) that the

variance of p
tτ equals

=
+

++
= )(]

)1(
1[)( 2 p

t
ttt

pf
t

pf
tp

t WVar
wpNr

rVar ϕ
τ

2]
)1(

1[
ttt

pf
t

pf
t

wpNr
r

+
++ ϕ 22

1211111 )( σηετ p
ttttt

p
t

p
t NwpNW −−−−−−− −+

(30)

It is obvious that the larger the variance of the equity return, the higher the variance of p
tτ will

be. According to equations (12), (13) and (14) the pension contribution affects consumption

of both generations and savings. Therefore the variance of the equity return affects the

consumption and savings indirectly through the pension contribution.

Pension

Fund

Private

Savings
boom )( −er recession )( ↓er

Risky
Risk-

free

yc increase decrease

oc increase decrease

Risk-

free
Risky

yc decrease increase

oc increase decrease
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 Savings are also invested in equity. From equations (12), (13) and (14) one sees that

the variance of the equity return  has a direct impact on consumption of both generations and

savings.

We expect the indirect effects of the variance of the equity return through the pension

contribution  on  consumption  of  both  generations  and  savings  to  be  different  from the  direct

effects through savings. But the precise impact in both scenarios is hard to derive analytically.

These effects should be analysed using simulations – we leave that for further research.

4.  Simulations

In  this  section  we  use  simulations  to  analyse  the  dynamics  of  the  model  with  values  of  the

parameters which reflect the current state of the Dutch economy. For the simulations we use a

continuous time version of the model presented in Du, Muysken and Sleijpen (2010,

Appendix 2).10  After presenting the baseline simulation in Section 4.1, we focus on the

impact of the financial crisis in Section 4.2. We show that when the pension fund invests only

in risky assets and savings are invested only in risk-free assets, consumption for both

generations is lower when compared to a situation in which the pension fund invests only in

risk-free assets and savings are invested only in risky assets. Moreover, the simulations enable

us to track how the economy is affected over time. To analyse the opposite case we also

simulate the impact of a boom in stock market in Section 4.3. Interestingly enough the effects

are not consistently the opposite compared to the case of a negative shock, which is in line

with our analysis in Section 3.3.

4.1  The baseline simulation

Most parameter values for the simulations are taken from the GAMMA model (CPB, 2007),

which has been developed by the Central Planning Bureau to reflect the situation in the

Netherlands. The output elasticity of capital stems from Groezen, Meijdam and Verbon

(2007), reflecting the usual case, while the initial productivity, for reasons of simplicity, is

chosen  equal  to  unity.  The  real  rate  of  return  to  capital  is  taken  as  the  average  of  the

corresponding rates of returns on bonds and equity. The ratio of the number young to the

number of old is around 2 for the Netherlands. The PAYG and the pension fund benefits, as

10 In Du, Muysken and Sleijpen (2010) we focused on three shocks – a stock market crash, inflation and an
ageing population – which represent current economic (potential) problems.
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well as the part of the pension contribution paid by the firm, are chosen to reflect the Dutch

situation. The resulting parameter values are presented in Table 3.

We calculate the steady state values of the variables of our model extending our model

to continuous time which divides the young generation into 40 age-cohort and the old

generation into 20 age-cohort, using the values of the parameters from Table 3. The reason is

that both the equity return and the bonds return are yearly results.

Table 3 The parameters values used in the simulations

Intertemporal substitution elasticity  (1/ )* 0.5

Time preference ( ρ )*11 1.3%

Ratio of old to young** 0.5

Population growth rate ( n ) 0

Participation rate ( p )* 78%

Initial productivity (A) 1

Real productivity growth rate ( g )* 1.7%

Output elasticity of capital (α ) 0.3

Real return on bonds ( br )* 2%

Real return on equity ( er )* 3.5%

Real return on capital ( kr ) 2.75%

Inflation rate (π )* 2%

PAYG benefit ( gξ )** 30%

Pension fund benefit ( pξ ) ** 50%

The part of the pension premium paid by the firm ( β ) 0.75
*  Source CPB (2007)
**Source Bonenkamp et al.(2010)

11 The rate of time preference is 1.3%, this implies the discount factor γ for different year is 1/(1 +

0.013) 25−t with 8525 ≤≤ t , individuals enter the economy at the age of 25 and die at 85.
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The resulting values of the PAYG contribution rate, the pension contribution rate, the

consumption of the young and the old and the savings are presented in Table 4. All values are

expressed as a proportion of the wage the workers receive. In order to make the results

comparable, we let consumption of young with a “risky” second pillar( 0=pfλ ) and “risk-

free” third pillar( 1=consλ ) equal consumption of young with a “risky third” pillar( 0=consλ )

and “risk-free” second pillar( 1=pfλ ), by adjusting the pension fund benefits to 31.6% when

the third pillar is “risky”. Mind that the pension contribution rate is the total value paid by the

worker and the firm. The workers, in our model, only need to pay ¼ of the total pension

contribution rate. The resulting contribution rates for PAYG and for the pension funds are

plausible (Bonenkamp et al., 2010). Both the consumption and the savings of the young

reflect the average of the young generation. The consumption of the old reflects the average

of the old generation.

From Table 4 it can be concluded, comparing the scenario when the pension fund is

“risky” and savings are “risk-free” to the scenario when the pension fund is “risk-free” and

savings are “risky”, that the pension contribution is lower in the second scenario. The reason

is that the pension benefit is smaller. Moreover, consumption of the old and savings are higher

in  the  second  scenario.  The  reason  is  that  the  return  on  savings  is  higher  when  savings  are

invested in equities.

Table 4 Steady-state values of the variables, relative to wage

Pension

Fund

Private

Savings

gτ

(PAYG

contribution

rate)

pτ

(pension

contribution

rate)

yc

(consumption of

young)

oc

(consumption of

old)

s

(savings)

Risky Risk-free 0.15 0.1268 0.7725 0.6961 0.0545

Risk-free Risky 0.15 0.1135 0.7725 0.7421 0.1077
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4.2  A fall in the stock market

We simulate  a  shock  in  the  stock  market  in  period  2,  which  makes  the  pension  fund  wealth

fall by 15%, in case the pension fund invests in equities. Moreover, it is assumed that the real

return on equity permanently drops to 80% of its steady state value in the following periods.

We also simulate the same shock in the stock market in case the pension fund invests in bonds

only and individuals invest in equities.

Figures 1– 4 present the impact on the pension contribution rate, consumption of the

young, consumption of the old and savings, expressed as a fraction of wage received when

young. We compare the results of the simulation in both scenarios.

Figure 1 shows that when the pension fund invests in equity, the pension contribution

rate  increases  strongly  as  a  result  of  the  shock,  which  seems  plausible  given  the  drop  in

pension wealth. This factor contributes to a fall in consumption of the young, as can be seen

from Figure 2. Although the pension benefits are not affected by the stock market crash, the

decrease in consumption of the old follows from the lower savings – compare Figures 3 and 4.

The sharp decrease in savings observed in Figure 4 follows from the decline in life-time

income  due  to  the  stock  market  crash,  while  the  young  want  to  maintain  a  certain  level  of

consumption. When the pension fund is “risk-free”, investing in bonds, the pension

contribution rate is not affected by the stock market shock.

One sees from Figure 2 that the response of consumption of the young to the shock is

different. When the second pillar is “risky”, the sharp decrease in consumption of the young is

due to the dramatic increase in the pension contribution rate. When the third pillar is “risky”,

the consumption of the young first increases, because the young decide to consume more,

given of the much lower equity return they can get from savings. The decrease of the

consumption of the young is due to the income effect of the decreased lifetime wealth

dominating the substitution effect.

One  sees  from Figures  3  that  the  response  of  consumption  of  the  old  to  the  shock  is

larger when the third pillar is “risky”: savings decrease more when they are invested in equity

because of the stock market shock.

As can be seen from Figure 4, when the second pillar is “risky”, savings decrease

more  at  first,  because  the  young  have  to  pay  a  higher  pension  contribution  rate.  When  the

pension contribution rate decreases, savings increase.

Comparing Figures 2 and 3, we can conclude that consumption of both generations is

lower in a situation in which the pension fund invests in equities compared to a situation in



20

which the pension fund invests in bonds. These simulation results are consistent with what we

show in the Table 2.

Figure 1 the adjustment path of Figure 2 the adjustment path of consumption
                pension contribution rate                of  young

 Figure 3 the adjustment path of consumption  Figure 4 the adjustment path of saving
  of  old

4.3  A boom in the stock market

We simulate a boom in the stock market in period 2, which makes the pension fund wealth

increase by 15%, in case the pension fund invests in equities, moreover, it is assumed that the

real return on equity permanently increases to 120% of its steady state value in the following

periods. We also simulate the same boom in the stock market, but with the pension fund

investing only in bonds.
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Figures 5– 8 present the impact on the pension contribution rate, consumption of the

young, consumption of the old and savings, expressed as a fraction of wage received when

young. We compare the results of the simulation in both scenarios.

Figure 5 shows that when the pension fund is “risky”, investing only in equity, the

pension contribution rate decreases strongly as a result of the boom (pension contribution rate

falls to zero, meaning contribution rate holidays), which seems plausible given the increase in

pension wealth. This factor contributes to an increase in consumption of the young as can be

seen from Figure 6. Although the pension benefits are not affected by the stock market boom,

the increase in consumption of the old follows from the higher savings – compare Figures 7

and 8. The sharp increase in savings observed in Figure 8 follows from the increase in life-

time income due to the stock market boom. When the pension fund is “risk-free”, investing

only in bonds, the pension contribution rate is not affected by the stock market boom.

Figure 5 the adjustment path of Figure 6 the adjustment path of consumption
                pension contribution rate               of  young
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Figure 7 the adjustment path of consumption        Figure 8 the adjustment path of saving
of old

One sees from Figures 6 that the response of consumption of the young to the boom is

different. When the second pillar is “risky”, the sharp increase in consumption of the young is

due to the dramatic decreased pension contribution rate. When the third pillar is “risky”, the

consumption of the young first decreases, as the substitution effect is larger because of the

high equity return. Subsequently the consumption of the young increases as a result of the

income effect dominating the substitution effect.

One  sees  from Figures  7  that  the  response  of  consumption  of  the  old  to  the  shock  is

larger when the third pillar is “risky”: savings increase more when they are invested in equity

because of the stock market boom.

As can be seen from Figure 8, when the second pillar is “risky”, savings increase more

because the young pay lower pension contribution rate. And when the pension contribution

rate increases, the savings decrease.

Comparing Figure 6 and Figure 7, we can conclude that consumption of the old is

lower in a situation in which the pension fund invests in equities compared to a situation in

which the pension fund invests in bonds. The consumption of the young is higher in a

situation in which the pension fund invests in equities compared to a situation in which the

pension fund invests in bonds. These simulation results are consistent with what we show in

the Table 2.
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5. Concluding remarks

In  this  paper,  we  analyse  the  impact  of  the  financial  crisis  on  a  small  open  economy with  a

special focus on the pension system. We develop an overlapping generation model with a

three-pillar pension system and defined benefits. The model allows us to derive the impact of

shocks on the economy in an analytical way. We briefly examine how pension benefit ratios,

returns on bonds and equity, the participation rate, the population growth rate, the survival

rate, the inflation rate, productivity and the division of the pension contribution between the

firms and the workers affect the consumption of the young and the old, as well as savings, in

the steady state. However, the focus of our model is on the impact of the financial crisis, in

particular in relation to the diversification of risks between funded pensions and private

savings. We show that in case of a fall in equity returns consumption of both the young and

the old generations is higher when pensions invest only in risk-free assets and private savings

are invested only in risky assets, compared to a situation in which the opposite investment

strategy is followed. Savings are higher too in the first scenario. An interesting observation is

that  in  case  of  an  increase  in  equity  returns  the  opposite  effect  does  not  hold.  Although

consumption of the young is higher when the pension fund invests only in risky assets instead

of risk-free assets, this does not necessarily hold for consumption of the old. The reason is

that the equity returns affect the consumptions through different ways in the two different

investment strategies as we discussed in Section 3.

The model presented in this paper allows us to study the interaction of the three pillars

under different exogenous (economic) shocks. For this purpose, the impact of a stock market

crash has been simulated for the case of The Netherlands. The simulation results clearly show

that in the three-pillar system, the risk diversification between risk-free assets for pension

funds  and  risky  assets  for  savings  have  a  relatively  positive  effect  on  consumption  of  both

generations and on savings. As predicted, the opposite case does not hold uniformly for an

increase in equity returns.

Both the model and the findings of our simulation support the notion that pension

funds should always invest in relatively risk-free assets, while private savings then can be

invested in more risky assets. That is an important lesson from the financial crisis.
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